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(57) ABSTRACT

In an absorbent sheet manufacturing apparatus, a first roller
(31) and a third roller (51) are rotated while each first
concave portion (312) faces a convex portion (512), and
therefore sheet concave portion rows (913) are formed on a
first sheet member (91). The first sheet member (91) is
transferred from a first roller-outer side surface (311) to a
cylinder-outer side surface (211) of a supply cylinder (21),
and a lower portion of the cylinder-outer side surface (211)
is in contact with the first sheet member (91) while supply
concave portions (212) supplied with particles face the sheet
concave portion rows (913). Therefore, particles can be
supplied accurately into each sheet concave portion (912)
included in the sheet concave portion rows (913) and be held
in the sheet concave portion (912) while the particles are
practically prevented from scattering to the outside of the
sheet concave portion (912).

13 Claims, 10 Drawing Sheets
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SHEET ARTICLE MANUFACTURING
APPARATUS

TECHNICAL FIELD

The present invention relates to a sheet article manufac-
turing apparatus for manufacturing a sheet article for an
absorbent article.

BACKGROUND ART

In an absorbent article such as an absorbent pad for light
incontinence which is used by being attached on the inside
of a disposable diaper, an absorbent sheet is conventionally
utilized which is obtained by sandwiching particles of
high-absorbent resin between two sheet members formed of
nonwoven fabric or the like to fix the particles therebetween.

Japanese Patent Application [Laid-Open No. 2007-130818
(Document 1) is related to a composite sheet. In the com-
posite sheet, a plurality of concave portions are formed on
one of two sheets, and functional material such as absorbent
polymer is held in the concave portions. In a manufacturing
apparatus for the composite sheet of Document 1, a first
sheet is supplied to an engaging region between two rolls
having concave-convex shapes engaging with each other,
and the first sheet is held along the concave-convex shape on
a periphery of a first roll by exerting a suction force on the
first sheet. Subsequently, by exerting the suction force
through the first sheet, functional material stored in a duct
facing the first roll is held on the first sheet. Then, a second
sheet is laid and bonded on the first sheet, to complete the
composite sheet.

International Publication No. WO 2006/15141 (Docu-
ment 2) is related to a process of producing sandwich
structures with particulate material pattern. In an apparatus
of Document 2, after adhesive is applied onto a carrier
material, indentations are formed in the carrier material.
Particulate material expelled from one of recesses of a
transfer device is transferred into a corresponding indenta-
tion, and then, a cover material is overlaid and bonded on the
carrier material.

Incidentally, in the manufacturing apparatus of Document
1, since functional material in the duct is supplied onto the
first sheet by gravity and air blow, the functional material is
supplied on not only the concave portions of the first sheet
but also portions of the first sheet other than the concave
portions. Thus, it is difficult to produce a composite sheet
where existence regions of the functional material are
arranged in a dotted pattern. The functional material is held
on the first sheet with the suction force by the first roll until
the first sheet which has passed through the duct is covered
with the second sheet. However, since a rotation speed of the
roll is normally high in such apparatus, scattering of the
functional material from the first sheet may occur by a
centrifugal force.

In the apparatus of Document 2, the particulate material
is expelled toward the carrier material from the transfer
device. Thus, when the particulate material collides with the
carrier material, the particulate material may scatter to the
outside of the indentations. Since adhesive is applied on the
carrier material in advance, a distance between the transfer
device and the carrier material can’t be decreased below a
certain value.

SUMMARY OF INVENTION

The present invention is intended for a sheet article
manufacturing apparatus for manufacturing a sheet article
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for an absorbent article. It is a main object of the present
invention to supply particles into a sheet concave portion
row accurately and hold the particles in the sheet concave
portion row.

A preferred sheet article manufacturing apparatus accord-
ing to the present invention comprises: a sheet concave
portion forming part for sequentially forming sheet concave
portions of a sheet concave portion row on a first sheet
member along a conveying direction of the first sheet
member, the first sheet member being continuous sheet; a
supply cylinder which has a plurality of supply concave
portions arranged on an cylinder-outer side surface in a
circumferential direction, the supply cylinder being rotated
around a cylinder rotation axis along a horizontal direction,
a lower portion of the cylinder-outer side surface being in
contact with the first sheet member so that each supply
concave portion faces a sheet concave portion, to sequen-
tially supply particles of absorbent material or deodorant
material from the plurality of supply concave portions to the
sheet concave portions of the sheet concave portion row; a
particle filling part for sequentially filling the plurality of
supply concave portions with the particles; and a sheet
bonding part for placing a second sheet member on the sheet
concave portion row which has been supplied with the
particles to bond the second sheet member on the first sheet
member, the second sheet member being continuous sheet;
wherein the sheet concave portion forming part comprises:
a first roller which has a plurality of first concave portions
arranged on a first roller-outer side surface in a circumfer-
ential direction, the first roller being in contact with the
supply cylinder through the first sheet member and being
rotated around a rotation axis parallel to the cylinder rotation
axis so that each first concave portion faces a supply concave
portion, to transfer the first sheet member from the first
roller-outer side surface to the cylinder-outer side surface;
and a concave portion forming part for sequentially forming
the sheet concave portions by causing portions of the first
sheet member to be recessed into first concave portions; the
sheet bonding part comprises: a second roller which has a
plurality of second concave portions arranged on a second
roller-outer side surface in a circumferential direction, the
second roller being in contact with the supply cylinder
through the first sheet member where the particles has been
supplied in the sheet concave portion row and being rotated
around a rotation axis parallel to the cylinder rotation axis so
that each second concave portion faces a supply concave
portion, to transfer the first sheet member from the cylinder-
outer side surface to the second roller-outer side surface; and
a second sheet supplying part for supplying the second sheet
member onto the first sheet member positioned on the
second roller-outer side surface. In the sheet article manu-
facturing apparatus, it is possible to supply particles into a
sheet concave portion row accurately and hold the particles
in the sheet concave portion row.

In this case, since the concave portion forming part
comprises a suction part for suctioning the first sheet mem-
ber from the inside of the first roller through the plurality of
first concave portions, the sheet concave portion row formed
in the plurality of first concave portions can be maintained.

The concave portion forming part may comprise a third
roller which has a plurality of convex portions arranged on
a third roller-outer side surface in a circumferential direc-
tion, the third roller being rotated around a rotation axis
parallel to the cylinder rotation axis so that each convex
portion faces a first concave portion, to depress a portion of
the first sheet member toward the first concave portion by
the each convex portion. In this case, the third roller com-
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prises a convex portion heating part for heating the plurality
of convex portions, and therefore the first sheet member can
be deformed easily when depressed by the convex portion.

Another preferred sheet article manufacturing apparatus
according to the present invention comprises: a supply
cylinder which has a plurality of supply concave portions
arranged on an cylinder-outer side surface in a circumfer-
ential direction, the supply cylinder being rotated around a
cylinder rotation axis along a horizontal direction, a lower
portion of the cylinder-outer side surface being in contact
with a first sheet member to sequentially supply particles of
absorbent material or deodorant material from the plurality
of supply concave portions onto the first sheet member; a
particle filling part for sequentially filling the plurality of
supply concave portions with the particles; and a sheet
bonding part for placing a second sheet member on particles
of absorbent material or deodorant material which has been
supplied on the first sheet member by the supply cylinder to
bond the second sheet member on the first sheet member, the
second sheet member being continuous sheet; wherein the
sheet bonding part comprises: a roller which has a plurality
of suction ports arranged on a roller-outer side surface in a
circumferential direction, the roller being in contact with the
supply cylinder through the first sheet member which has
been supplied with the particles and being rotated around a
rotation axis parallel to the cylinder rotation axis so that
suction ports face supply concave portions, to transfer the
first sheet member from the cylinder-outer side surface to the
roller-outer side surface; a suction part for holding the
particles by suctioning the particles from the inside of the
roller through the suction ports and the first sheet member;
and a second sheet supplying part for supplying the second
sheet member onto the first sheet member positioned on the
roller-outer side surface. In the sheet article manufacturing
apparatus, it is possible to easily manufacture a sheet article
for an absorbent article where particles are arranged in a
dotted pattern.

These and other objects, features, aspects and advantages
of'the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing an absorbent sheet manufac-
turing apparatus in accordance with a first preferred embodi-
ment.

FIG. 2 is a cross-sectional view of a vicinity of a supply
cylinder.

FIG. 3 is a front view of the supply cylinder.

FIG. 4 is a cross-sectional view of a first roller.

FIG. 5 is a front view of the first roller.

FIG. 6 is a view showing a pipe arrangement in the inside
of the first roller.

FIG. 7 is a cross-sectional view of a second roller.

FIG. 8 is a front view of the second roller.

FIG. 9 is a cross-sectional view of a third roller.

FIG. 10 is a front view of the third roller.

FIG. 11 is a cross-sectional view of a fourth roller.

FIG. 12 is a cross-sectional view of a second auxiliary
bonding roller.

FIG. 13 is a front view of the second auxiliary bonding
roller.

FIG. 14 is a front view of a sheet conveying roller.

FIG. 15 is a view showing the vicinity of the supply
cylinder.

FIG. 16 is a plain view of an absorbent sheet.
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FIG. 17 is a view showing an absorbent sheet manufac-
turing apparatus in accordance with a second preferred
embodiment.

FIG. 18 is a view showing another example of supply
cylinder.

FIG. 19 is a front view of the supply cylinder.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a view showing an absorbent sheet manufac-
turing apparatus 1 in accordance with a first preferred
embodiment of the present invention. The absorbent sheet
manufacturing apparatus 1 is one sheet article manufactur-
ing apparatus for manufacturing a sheet article for an absor-
bent article and manufactures absorbent sheets by sandwich-
ing particles of high-absorbent resin such as SAP (Super
Absorbent Polymer) between sheet members formed of
nonwoven fabric or the like. The absorbent sheet is a sheet
article used for an absorbent article such as a disposable
diaper or absorbent pad for light incontinence.

The absorbent sheet manufacturing apparatus 1 has a
supply cylinder 21 which is a generally cylindrical member
around (with its center lying on) a cylinder rotation axis R0
along (toward) a horizontal direction, a first roller 31 located
to the lower-left of the supply cylinder 21, a second roller 41
located to the lower-right of the supply cylinder 21, a third
roller 51 located to the left of the first roller 31, a fourth
roller 61 located to the right of the second roller 41, and a
sheet conveying roller 71 located above the second roller 41
and close to the second roller 41 and the supply cylinder 21.
In FIG. 1, hatching lines aren’t drawn in the cross sections
of supply cylinder 21 and the rollers in order to facilitate
understanding of the drawing (the same applies to some
other drawings).

The first roller 31 has a generally cylindrical shape around
a rotation axis R1 parallel to a direction along the cylinder
rotation axis R0 (hereinafter, the direction is referred to as an
“axial direction”), and the second roller 41 has a generally
cylindrical shape around a rotation axis R2 parallel to the
axial direction. The first roller 31 and the second roller 41
have structures similar to each other, and are arranged
symmetrically with respect to a plane including the cylinder
rotation axis R0 of the supply cylinder 21 and being parallel
to the vertical direction (direction of gravitational force).
The third roller 51 and the fourth roller 61 have generally
columnar shapes around rotation axes R3, R4 parallel to the
axial direction, respectively. The sheet conveying roller 71
has a generally columnar shape around a rotation axis RS
parallel to the axial direction.

The absorbent sheet manufacturing apparatus 1 further
has an auxiliary bonding part 62 located under the fourth
roller 61. The auxiliary bonding part 62 has a first auxiliary
bonding roller 63 which has a generally columnar shape
around a rotation axis R6 parallel to the axial direction, and
a second auxiliary bonding roller 64 which has a generally
columnar shape around a rotation axis R7 parallel to the
axial direction. The absorbent sheet manufacturing appara-
tus 1 has a pair of nip rollers 81 (i.e., two nip rollers 81)
which are located to the upper-left and the lower-left of the
first roller 31. Each nip roller 81 has a generally columnar
shape around a central axis parallel to the axial direction.
Furthermore, the absorbent sheet manufacturing apparatus 1
has a plurality of auxiliary rollers 32, 42 each having a
generally columnar shape around a central axis parallel to
the axial direction, and an applying part 72 located above the
auxiliary rollers 42.
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The supply cylinder 21, the third roller 51, the fourth
roller 61, the sheet conveying roller 71 and the first auxiliary
bonding roller 63 are rotated in a counterclockwise direction
in FIG. 1, and the first roller 31, the second roller 41 and the
second auxiliary bonding roller 64 are rotated in a clockwise
direction in FIG. 1.

In the absorbent sheet manufacturing apparatus 1, (each
portion of) a first sheet member 91, which is continuous
sheet formed of nonwoven fabric or the like, is conveyed to
the first roller 31 through the auxiliary roller 32, and passes
between the first roller 31 and the lower nip roller 81.
Subsequently, the first sheet member 91 passes between the
first roller 31 and the third roller 51, and passes between the
first roller 31 and the upper nip roller 81. The first roller 31
is in contact through the first sheet member 91 with the third
roller 51, and the first sheet member 91 is sandwiched
between the first roller 31 and the third roller 51. Therefore,
sheet concave portions of each sheet concave portion row
913 (see FIG. 15) are sequentially formed on the first sheet
member 91 along a conveying direction of the first sheet
member 91 as described later. In the following description,
constituents for forming the sheet concave portion rows 913,
such as the first roller 31 and the third roller 51, are referred
to collectively as a sheet concave portion forming part 30.

The first sheet member 91 is transferred from a first
roller-outer side surface 311 of the first roller 31 to a
cylinder-outer side surface 211 of the supply cylinder 21,
and particles of high-absorbent resin (hereinafter, simply
referred to as “particles”) are sequentially supplied by the
supply cylinder 21 into sheet concave portions of the sheet
concave portion rows 913 on the first sheet member 91. The
first sheet member 91 is further transferred from the cylin-
der-outer side surface 211 of the supply cylinder 21 to a
second roller-outer side surface 411 of the second roller 41.

On the other hand, a second sheet member 92, which is
continuous sheet formed of nonwoven fabric or the like, is
led to the sheet conveying roller 71 through the auxiliary
rollers 42. Adhesive (in the present embodiment, hot melt
adhesive) is applied by the applying part 72 almost over the
entire surface of one main surface of the second sheet
member 92. The second sheet member 92 is led from the
sheet conveying roller 71 to the second roller 41, and is
supplied onto the first sheet member 91 lying on the second
roller-outer side surface 411 of the second roller 41. In other
words, the sheet conveying roller 71 is a second sheet
supplying part for supplying the second sheet member 92
onto the first sheet member 91. The laminated (layered) first
sheet member 91 and second sheet member 92 pass between
the second roller 41 and the fourth roller 61, and then pass
between the first auxiliary bonding roller 63 and the second
auxiliary bonding roller 64. Therefore, the first sheet mem-
ber 91 and the second sheet member 92 are bonded with
each other, and an absorbent sheet is formed. In the follow-
ing description, constituents for bonding the first sheet
member 91 and the second sheet member 92, such as the
second roller 41, the fourth roller 61, the sheet conveying
roller 71 and the auxiliary bonding part 62 including the first
auxiliary bonding roller 63 and the second auxiliary bonding
roller 64, are referred to collectively as a sheet bonding part
40.

A particle filling part 23 is provided above the supply
cylinder 21. The particle filling part 23 has a particle tank
231 which is located above the supply cylinder 21 and which
stores the particles, and a level sensor 233 provided to the
particle tank 231. When the level sensor 233 detects that the
amount of particles stored in the particle tank 231 becomes
equal to or less than a certain level, particles are replenished
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into the particle tank 231. The particle tank 231 extends
almost in parallel with the vertical direction, and a particle
filling opening 232 facing the cylinder-outer side surface
211 of the supply cylinder 21 is provided at a lower end of
the particle tank 231. The particle filling opening 232 faces
a portion including the uppermost portion of the supply
cylinder 21.

A first cover part 221 which covers a portion of the
cylinder-outer side surface 211 of the supply cylinder 21 and
a second cover part 222 which covers another portion of the
cylinder-outer side surface 211 are provided around the
supply cylinder 21. The first cover part 221 spreads from the
particle filling opening 232 to a vicinity of a portion where
the supply cylinder 21 is closest to the first roller 31 along
the rotation direction of the supply cylinder 21 (i.e., in the
counterclockwise direction in FIG. 1), to cover the cylinder-
outer side surface 211 in the left side of the supply cylinder
21. The second cover part 222 spreads from the particle
filling opening 232 to a vicinity of a right end portion of the
supply cylinder 21 along an opposite direction of the rota-
tion direction of the supply cylinder 21 (i.e., toward the
posterior side in the rotation direction (that is, in the clock-
wise direction in FIG. 1)), to cover the cylinder-outer side
surface 211 in the right side of the supply cylinder 21.

FIG. 2 is an enlarged cross-sectional view showing the
vicinity of the supply cylinder 21, and shows a cross section
which is orthogonal to the cylinder rotation axis R0. FIG. 3
is a view showing the cylinder-outer side surface 211 of the
supply cylinder 21, and in FIG. 3, an appearance of the
cylinder-outer side surface 211 which is observed along a
direction orthogonal to the cylinder rotation axis RO is
shown. In FIG. 2, regions of the particles are densely
hatched. In FIG. 3, the first cover part 221 and the second
cover part 222 are omitted.

As shown in FIGS. 2 and 3, with respect to each of a
plurality of positions in the axial direction, a plurality of
supply concave portions 212 are arranged at regular inter-
vals on (in) the cylinder-outer side surface 211 in a circum-
ferential direction around the cylinder rotation axis R0 so as
to be away from each other. When the plurality of supply
concave portions 212 which are arranged in the circumfer-
ential direction at the same position in the axial direction are
referred to as a supply concave portion row 213, three
supply concave portion rows 213 are provided in the supply
cylinder 21 as shown in FIG. 3. In the present embodiment,
the shape of each supply concave portion 212 observed
along a direction orthogonal to the cylinder rotation axis R0
is generally circular. In a cross section orthogonal to the
cylinder rotation axis R0, the shape of a bottom surface of
each supply concave portion 212 is generally arc-like as
shown in FIG. 2. The supply concave portions 212 may have
a various shape, for example, the shape of each supply
concave portion 212 observed along a direction orthogonal
to the cylinder rotation axis R0 may be generally rectangu-
lar. Also the shape of each supply concave portion 212 in a
cross section orthogonal to the cylinder rotation axis R0 may
be generally rectangular. On the cylinder-outer side surface
211, one, two, four or more supply concave portion rows 213
may be provided. In each supply concave portion row 213,
the plurality of supply concave portions 212 aren’t arranged
necessarily at regular intervals.

The cylinder-outer side surface 211 of the supply cylinder
21 is very close to an inner side surface of the first cover part
221 and an inner side surface of the second cover part 222
in a region where the supply concave portions 212 don’t
exist, and the cylinder-outer side surface 211 is practically in
contact with them.
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In the absorbent sheet manufacturing apparatus 1, the
supply cylinder 21 is rotated around the cylinder rotation
axis RO at a high speed, and particles are sequentially filled
from the particle tank 231 of the particle filling part 23 into
the plurality of supply concave portions 212 passing the
particle filling opening 232, due to gravity. A communica-
tion part 26 located adjacent to the particle filling opening
232 is provided to the right of the particle filling opening 232
in FIG. 2 (i.e., posterior to the particle filling opening 232 in
the rotation direction of the supply cylinder 21). The com-
munication part 26 is provided across almost the entire
extent where the three supply concave portion rows 213 (see
FIG. 3) are arranged in the axial direction of the supply
cylinder 21.

A supply concave portion 212a out of the plurality of
supply concave portions 212 (the supply concave portion is
denoted by a reference sign 212a in order to be distinguished
from the other supply concave portions 212), which faces a
posterior edge of the particle filling opening 232 (i.e., a
posterior end in the rotation direction of the supply cylinder
21) in the supply cylinder 21, is brought into communication
with external space by the communication part 26. There-
fore, when particles are filled into the supply concave
portion 212a from the particle filling part 23, air in the
supply concave portion 212a is forced out by particles
entering the supply concave portion 212a and is easily
discharged to the external space through the communication
part 26. As a result, it is possible to increase a density of
particles filled in the supply concave portion 212a.

In the communication part 26, a first end portion 261 is
one end portion which faces the supply cylinder 21, and the
first end portion 261 is positioned below a second end
portion 262 which is the other end portion located on the
external space side of the communication part 26. A com-
munication path 260 of the communication part 26 has at
least two bending portions (i.e., the communication path 260
bends at least two points). In the present embodiment, the
communication path 260 has three bending portions, and the
first end portion 261 of the communication part 26 is almost
right below the second end portion 262 in the vertical
direction. This can reduce escape of particles from the
supply concave portion 212a to the external space through
the communication part 26.

A communication part-suction part 264 for suctioning gas
in the communication part 26 is connected to the second end
portion 262 of the communication part 26 through a pipe
263. The communication part-suction part 264 has a regu-
lator for adjusting a suction pressure and performs suction
weakly. Thus, air in the supply concave portion 212a is
discharged more efficiently and therefore, the density of
particles filled in the supply concave portion 212a can be
increased further.

FIG. 4 is a cross-sectional view of the first roller 31, and
shows a cross section which is orthogonal to the rotation axis
R1. FIG. 5 is a view showing the first roller-outer side
surface 311 of the first roller 31, and in FIG. 3, an appear-
ance of the first roller-outer side surface 311 which is
observed along a direction orthogonal to the rotation axis R1
is shown. With respect to each of the plurality of positions
in the axial direction, a plurality of first concave portions
312 are arranged on the first roller-outer side surface 311 in
a circumferential direction around the rotation axis R1 so as
to be away from one another. When the plurality of first
concave portions 312 which are arranged in the circumfer-
ential direction at the same position in the axial direction are
referred to as a first concave portion row 313, three first
concave portion rows 313 are provided in the first roller 31
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as shown in FIG. 5. In the present embodiment, the shape of
each first concave portion 312 observed along a direction
orthogonal to the rotation axis R1 is generally circular. In a
cross section orthogonal to the rotation axis R1, the shape of
a bottom surface of each first concave portion 312 is
generally arc-like as shown in FIG. 4.

In the first roller 31, as shown in FIGS. 4 and 5, a plurality
of first suction ports 314 are provided on the first roller-outer
side surface 311. The shape of each first suction port 314
observed along a direction orthogonal to the rotation axis R1
is generally circular, and the first suction port 314 is suffi-
ciently-small in comparison with the first concave portion
312. The first suction ports 314 are provided across the entire
circumference of the first roller-outer side surface 311 in the
circumferential direction around the rotation axis R1. In
FIG. 5, only first suction ports 314 lying above the rotation
axis R1 are drawn by thin lines in order to facilitate
understanding of the drawing (the same applies to FIG. 8).
The plurality of first suction ports 314 are provided across
the three first concave portion rows 313 (from one side to the
other side) in the axial direction. In other words, the plurality
of first suction ports 314 are overlapped with a whole region
where the plurality of first concave portion rows 313 are
disposed, and naturally they are also provided in the inside
of each first concave portion 312. As shown in FIG. 4, a first
suction pipe 315 extends from each first suction port 314
toward the rotation axis R1.

FIG. 6 is a view showing a pipe arrangement in the inside
of an upper portion of the first roller 31. The plurality of first
suction pipes 315 extending from the plurality of first
suction ports 314 are connected to common pipes 316
extending in the axial direction. In FIG. 6, hatching lines are
drawn in portions other than the first suction pipes 315 and
the common pipes 316 in the first roller 31, and portions
overlapping with the first suction ports 314 in a cross section
of each first concave portion 312 are drawn by broken lines
in order to facilitate understanding of the drawing. The
common pipes 316 each extending in the axial direction
from one end to the other end of the first roller 31 are
connected to first suction parts 33 provided to the both sides
of the first roller 31 in the axial direction. The first suction
parts 33 are supported by supporting members not shown,
and aren’t rotated together with the first roller 31. In the
present embodiment, the first suction parts 33 are located
slightly away from the first roller 31, and air in the common
pipes 316 is suctioned by the first suction parts 33 perform-
ing suction of air.

As shown by chain double-dashed lines in FIG. 1, the first
suction parts 33 extend from a vicinity of a position where
the first roller 31 is in contact with the third roller 51 through
the first sheet member 91 (so as to sandwich the first sheet
member 91 therebetween), toward an anterior side of the
rotation direction of the first roller 31 (i.e., in the clockwise
direction in FIG. 1), to reach a vicinity of a position where
the first roller 31 is in contact with the supply cylinder 21
through the first sheet member 91. In the first roller 31, as
shown in FIG. 4, only some first suction ports 314 which are
connected to common pipes 316 facing (i.e., substantially
connecting) the first suction parts 33 with a small gap
therebetween, perform suction, in the plurality of first suc-
tion ports 314.

FIG. 7 is a cross-sectional view of the second roller 41,
and shows a cross section which is orthogonal to the rotation
axis R2. FIG. 8 is a view showing the second roller-outer
side surface 411 of the second roller 41, and in FIG. 8, an
appearance of the second roller-outer side surface 411 which
is observed along a direction orthogonal to the rotation axis
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R2 is shown. The second roller 41 has a similar structure to
the first roller 31. Specifically, with respect to each of the
plurality of positions in the axial direction, a plurality of
second concave portions 412 are arranged on the second
roller-outer side surface 411 in a circumferential direction
around the rotation axis R2 so as to be away from one
another. In the second roller 41, as shown in FIG. 8, three
second concave portion rows 413 are provided.

In the second roller-outer side surface 411, a plurality of
second suction ports 414 are provided so as to overlap with
a whole region where the plurality of second concave
portion rows 413 are disposed. As shown in FIG. 7, a second
suction pipe 415 extends from each second suction port 414
toward the rotation axis R2 to be connected to a common
pipe 416. The common pipes 416 are connected to second
suction parts 43 provided to the both sides of the second
roller 41 in the axial direction. As shown by chain double-
dashed lines in FIG. 1, the second suction parts 43 extend
from a vicinity of a position where the second roller 41 is in
contact with the supply cylinder 21 through the first sheet
member 91, toward an anterior side of the rotation direction
of the second roller 41 (i.e., in the clockwise direction in
FIG. 1), to reach a vicinity of a position where the second
roller 41 is in contact with the fourth roller 61 through the
first sheet member 91. In the second roller 41, as shown in
FIG. 7, only some second suction ports 414 which are
connected to common pipes 416 facing the second suction
parts 43 with a small gap therebetween, perform suction, in
the plurality of second suction ports 414.

FIG. 9 is a cross-sectional view of the third roller 51, and
shows a cross section which is orthogonal to the rotation axis
R3. FIG. 10 is a view showing the third roller-outer side
surface 511 of the third roller 51, and in FIG. 10, an
appearance of the third roller-outer side surface 511 which
is observed along a direction orthogonal to the rotation axis
R3 is shown. With respect to each of the plurality of
positions in the axial direction, a plurality of convex portions
512 are arranged on the third roller-outer side surface 511 of
the third roller 51 in a circumferential direction around the
rotation axis R3 so as to be away from one another. When
the plurality of convex portions 512 which are arranged in
the circumferential direction at the same position in the axial
direction are referred to as a convex portion row 513, three
convex portion rows 513 are provided in the third roller 51
as shown in FIG. 10. As shown in FIG. 9, the third roller 51
has a heater 514 in its inside which is a convex portion
heating part for heating the plurality of convex portions 512.

FIG. 11 is a cross-sectional view of the fourth roller 61,
and shows a cross section which is orthogonal to the rotation
axis R4. A fourth roller-outer side surface 611 of the fourth
roller 61 is a smooth cylindrical surface rotated around the
rotation axis R4. The fourth roller 61 has a heater 614 in its
inside which is a side surface heating part for heating the
fourth roller-outer side surface 611. The first auxiliary
bonding roller 63 of the auxiliary bonding part 62 shown in
FIG. 1 has a similar structure to the fourth roller 61, and has
a heater 634 in its inside.

FIG. 12 is a cross-sectional view of the second auxiliary
bonding roller 64 of the auxiliary bonding part 62, and
shows a cross section which is orthogonal to the rotation axis
R7. FIG. 13 is a view showing an outer side surface 641 of
the second auxiliary bonding roller 64, and in FIG. 13, an
appearance of the outer side surface 641 which is observed
along a direction orthogonal to the rotation axis R7 is shown.
The second auxiliary bonding roller 64 has a similar struc-
ture to the supply cylinder 21, and with respect to each of the
plurality of positions in the axial direction, a plurality of
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auxiliary concave portions 642 are arranged on (in) the outer
side surface 641 in a circumferential direction around the
rotation axis R7 so as to be apart from each other. When the
plurality of auxiliary concave portions 642 which are
arranged in the circumferential direction at the same position
in the axial direction are referred to as an auxiliary concave
portion row 643, three auxiliary concave portion rows 643
are provided in the second auxiliary bonding roller 64 as
shown in FIG. 13. FIG. 14 is a front view of the sheet
conveying roller 71. A conveying roller-outer side surface
711 of the sheet conveying roller 71 is a smooth cylindrical
surface.

In the absorbent sheet manufacturing apparatus 1, the
plurality of supply concave portion rows 213 in the supply
cylinder 21 (see FIG. 3), the plurality of first concave portion
rows 313 in the first roller 31 (see FIG. 5), the plurality of
second concave portion rows 413 in the second roller 41 (see
FIG. 8), the plurality of convex portion rows 513 in the third
roller 51 (see FIG. 10), and the plurality of auxiliary concave
portion rows 643 in the second auxiliary bonding roller 64
(see FIG. 13) are located at the same positions in the axial
direction, respectively. In addition, diameters of the supply
cylinder 21, the first roller 31, the second roller 41, the third
roller 51 and the second auxiliary bonding roller 64 are same
as each other. And also the pitch of the supply concave
portions 212 in the circumferential direction, the pitch of the
first concave portions 312 in the circumferential direction,
the pitch of the second concave portions 412 in the circum-
ferential direction, the pitch of the convex portions 512 in
the circumferential direction and the pitch of the auxiliary
concave portions 642 in the circumferential direction are
same as each other. In the present embodiment, diameters
and capacities of the first concave portion 312, the second
concave portion 412 and the auxiliary concave portion 642
are equal to or larger than a diameter and capacity of the
supply concave portion 212.

In the manufacture of absorbent sheet by the absorbent
sheet manufacturing apparatus 1, as shown in FIG. 15, the
first roller 31 is rotated around the rotation axis R1 in the
clockwise direction in FIG. 15 to convey the first sheet
member 91 on the first roller-outer side surface 311. Also the
third roller 51 is rotated around the rotation axis R3 while
each convex portion 512 faces (engages) one first concave
portion 312 (i.e., the third roller 51 is rotated so that the
convex portions 512 sequentially face the first concave
portions 312), and the convex portion 512 heated by the
heater 514 depresses a portion of the first sheet member 91
toward the first concave portion 312. Therefore, the portion
of the first sheet member 91 is dented (is caused to be
recessed) into the first concave portion 312 to become a
sheet concave portion 912, and the sheet concave portion
rows 913 along the conveying direction of the first sheet
member 91 are continuously formed on the first sheet
member 91.

In the absorbent sheet manufacturing apparatus 1, while
the first sheet member 91 is depressed by the plurality of
convex portions 512 of the third roller 51, that is, throughout
the formation of the sheet concave portion rows 913, the first
sheet member 91 is always pressed toward the first roller 31
at both upper and lower sides of a contact position between
the first roller 31 and the third roller 51 (i.e., at both sides in
the conveying direction of the first sheet member 91) by the
two nip rollers 81.

In a region, between the third roller 51 and the supply
cylinder 21, of the first roller-outer side surface 311 of the
first roller 31, air is suctioned by the first suction parts 33
from the inside of the first roller 31. Therefore, the plurality
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of sheet concave portions 912 of the first sheet member 91
are suctioned from the inside of the first roller 31 through the
plurality of first concave portions 312, and each sheet
concave portion 912 is deformed so as to fit in the inner
surface of the first concave portion 312, that is, a capacity of
the sheet concave portion 912 increases. In FIG. 15, the first
sheet member 91 and the second sheet member 92 are drawn
s0 as to be slightly away from the first roller 31, the second
roller 41, the supply cylinder 21 and the like in order to
facilitate understanding of the drawing.

Here, when constituents for sequentially forming the
sheet concave portions of the sheet concave portion rows
913 by denting portions of the first sheet member 91 into
first concave portions 312 are referred to as a concave
portion forming part 301, the concave portion forming part
301 includes the first suction parts 33, the third roller 51 and
the pair of nip rollers 81. The sheet concave portion forming
part 30 includes the first roller 31 and the concave portion
forming part 301. Since the first roller 31 and the supply
cylinder 21 are rotated, (a portion of) the first sheet member
91 on which the sheet concave portion rows 913 are formed
by the sheet concave portion forming part 30 is transferred
from the first roller-outer side surface 311 of the first roller
31 to the cylinder-outer side surface 211 of the supply
cylinder 21.

As mentioned previously, in the supply cylinder 21,
particles are sequentially filled from the particle filling part
23 into the plurality of supply concave portions 212. Each
supply concave portion 212 filled with particles reaches the
lower end of the first cover part 221 with its outer end closed
with the first cover part 221 (i.e., the outer end is covered on
the cylinder-outer side surface 211). In the following
description, a region from the lower end of the first cover
part 221 to the lower end of the second cover part 222 with
respect to the rotation direction of the supply cylinder 21, is
referred to as an “particle supply region 210”.

In the absorbent sheet manufacturing apparatus 1, the first
roller 31 is rotated while each first concave portion 312 is
caused to face (meet) one supply concave portion 212 of the
supply cylinder 21 (i.e., the first roller 31 is rotated so that
the first concave portions 312 sequentially face the supply
concave portions 212 one by one). Thus, the sheet concave
portion rows 913 (sheet concave portions 912) of the first
sheet member 91 face supply concave portions 212 of the
supply cylinder 21 in the particle supply region 210. In this
state, the lower portion of the cylinder-outer side surface 211
is in contact with the first sheet member 91, and therefore
particles are sequentially supplied from the plurality of
supply concave portions 212 into the plurality of the sheet
concave portions 912 of the sheet concave portion rows 913.
Each supply concave portion 212 which has supplied a sheet
concave portion 912 with particles passes through the par-
ticle supply region 210, and is moved to the upper portion
of the supply cylinder 21 with its outer end closed by the
second cover part 222, to go toward the particle filling
opening 232 of the particle filling part 23.

The first sheet member 91 (a portion of the first sheet
member 91) whose sheet concave portion rows 913 have
been supplied with particles is transferred from the cylinder-
outer side surface 211 of the supply cylinder 21 to the second
roller-outer side surface 411 of the second roller 41 by the
second roller 41 rotating around the rotation axis R2. At this
time, each second concave portion 412 faces a supply
concave portion 212 (i.e., the second concave portions 412
sequentially face the supply concave portions 212 one by
one) while the second roller 41 is rotated, so that each sheet
concave portion 912 holding the particles is put in a second
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concave portion 412. In a region, between the supply
cylinder 21 and the fourth roller 61, of the second roller-
outer side surface 411, air is suctioned by the second suction
parts 43 from the inside of the second roller 41. Therefore,
the plurality of sheet concave portions 912 of the first sheet
member 91 are suctioned from the inside of the second roller
41 through the plurality of second concave portions 412, and
each sheet concave portion 912 is held by suctioning so as
to fit on the inner surface of the second concave portion 412.
In the present embodiment, the second suction parts 43 are
also included in the sheet bonding part 40.

On the other hand, the second sheet member 92 on which
adhesive is applied is led to the second roller 41 through the
sheet conveying roller 71, and on the second roller-outer
side surface 411, the second sheet member 92 is placed on
the sheet concave portion rows 913 (on the openings of the
sheet concave portions 912) of the first sheet member 91
supplied with particles. Then, the first sheet member 91 and
the second sheet member 92 overlapping with each other are
sandwiched between the second roller 41 and the fourth
roller 61 where the fourth roller-outer side surface 611 is
heated by the heater 614, so that the first sheet member 91
and the second sheet member 92 are bonded with each other.

The first sheet member 91 and the second sheet member
92 bonded with each other are led to the auxiliary bonding
part 62 shown in FIG. 1, and are sandwiched between the
first auxiliary bonding roller 63 and the second auxiliary
bonding roller 64. At this time, the plurality of sheet concave
portions 912 are put in the plurality of auxiliary concave
portions 642 of the second auxiliary bonding roller 64 (see
FIGS. 12 and 13). Therefore, deformation of sheet concave
portions 912 is prevented. In the auxiliary bonding part 62,
the outer side surface of the first auxiliary bonding roller 63
is heated by the heater 634, and the first sheet member 91
and the second sheet member 92 are sandwiched between
the first auxiliary bonding roller 63 and the second auxiliary
bonding roller 64 to be bonded more firmly. Therefore, as
shown in FIG. 16, an absorbent sheet 95 having a plurality
of particle existence regions 951 arranged in a dotted pattern
is formed. In each particle existence region 951, particles of
high-absorbent resin are distributed (existing), and the first
sheet member 91 and the second sheet member 92 are
bonded at regions other than the plurality of particle exis-
tence regions 951 (around each particle existence region
951).

As described above, in the absorbent sheet manufacturing
apparatus 1, the sheet concave portion rows 913 are formed
on the first sheet member 91 by the sheet concave portion
forming part 30. The cylinder-outer side surface 211 of the
supply cylinder 21 is in contact with the first sheet member
91 while the sheet concave portion rows 913 face the supply
concave portions 212. Therefore, particles can be supplied
accurately into each sheet concave portion 912 included in
the sheet concave portion rows 913 and be held in the sheet
concave portion 912 while the particles are practically
prevented from scattering to the outside of the sheet concave
portion 912.

In the sheet concave portion forming part 30, since the
plurality of convex portions 512 of the third roller 51 depress
portions of the first sheet member 91 toward the first
concave portions 312 of the first roller 31, the sheet concave
portion rows 913 can be formed easily. By the heater 514
heating the plurality of convex portions 512, deformation of
the first sheet member 91 can be easily performed in the
depression by the convex portions 512. As a result, the sheet
concave portion rows 913 can be formed more easily.
Furthermore, the first sheet member 91 is pressed by the two
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nip rollers 81 (a pair of nip rollers 81) toward the first roller
31 at both sides of the contact position between the first
roller 31 and the third roller 51, and therefore displacement
of the first sheet member 91 in the conveying direction can
be reduced (suppressed) or prevented in the depression of
the first sheet member 91 by the convex portions 512.

In the sheet concave portion forming part 30, since the
first sheet member 91 is suctioned by the first suction parts
33 through the plurality of first concave portions 312, the
sheet concave portion rows 913 formed in the plurality of
first concave portions 312 can be maintained. In addition,
each sheet concave portion 912 of the sheet concave portion
rows 913 suits the shape of the inner surface of the first
concave portion 312. This makes it possible to increase the
capacity of each sheet concave portion 912 and equalize the
shapes of the sheet concave portions 912.

In the sheet bonding part 40, the sheet concave portion
rows 913 are disposed in the second concave portions 412 of
the second roller 41. Therefore, each sheet concave portion
912 holding particles can be prevented from deforming on
the second roller 41, and the particles in the sheet concave
portion 912 can be prevented from scattering around. Since
the first sheet member 91 is suctioned by the second suction
parts 43 through the plurality of second concave portions
412, the sheet concave portion rows 913 can be easily held
in the plurality of second concave portions 412. In addition,
the particles in each sheet concave portion 912 can be
prevented from scattering around. Furthermore, the first
sheet member 91 and the second sheet member 92 overlap-
ping with each other are placed (sandwiched) between the
second roller 41 and the fourth roller 61. This allows the first
sheet member 91 and the second sheet member 92 to be
bonded easily and securely.

Next, discussion will be made on an absorbent sheet
manufacturing apparatus in accordance with a second pre-
ferred embodiment of the present invention. FIG. 17 is a
view showing an absorbent sheet manufacturing apparatus
1a in accordance with the second preferred embodiment. In
the absorbent sheet manufacturing apparatus 1aq, a first roller
31a whose first roller-outer side surface 311 is a generally
cylindrical and smooth surface, is provided as substitute for
the first roller 31 in FIG. 1. Also the concave portion forming
part 301 for forming the sheet concave portion rows 913 on
the first sheet member 91, that is, the third roller 51, the nip
rollers 81 and the first suction parts 33 are removed. The
other constituent elements are same as those of the absorbent
sheet manufacturing apparatus 1 shown in FIG. 1, and the
same elements are denoted by the same reference signs in
the following description.

In the manufacture (production) of absorbent sheet by the
absorbent sheet manufacturing apparatus 1a, the first roller
31a is rotated around the rotation axis R1 in the clockwise
direction in FIG. 17, and therefore the first sheet member 91
is transferred from the first roller-outer side surface 311 of
the first roller 31a to the cylinder-outer side surface 211 of
the supply cylinder 21. In the supply cylinder 21, each
supply concave portion 212 filled with particles reaches the
lower end of the first cover part 221 with its outer end closed
with the first cover part 221, and the lower portion (the
portion including the supply concave portion 212) of the
cylinder-outer side surface 211 comes into contact with the
first sheet member 91 in the particle supply region 210.
Therefore, particles are sequentially supplied from the plu-
rality of supply concave portions 212 onto the first sheet
member 91. On the first sheet member 91, particles supplied
from the plurality of supply concave portions 212 are
arranged in a dotted pattern. In the following discussion, a

25

30

35

40

45

55

14

plurality of regions of the first sheet member 91 on which
particles are disposed are referred to as “particle-disposed
regions”.

The first sheet member 91 which has been supplied with
particles is transferred from the cylinder-outer side surface
211 of the supply cylinder 21 to the second roller-outer side
surface 411 of the second roller 41 by the second roller 41
rotating around the rotation axis R2. At this time, each
second concave portion 412 faces a supply concave portion
212 (i.e., each second concave portion 412 faces a particle-
disposed region) while the second roller 41 is rotated. Also
the first sheet member 91 is suctioned by the second suction
parts 43 from the inside of the second roller 41 through the
second suction ports 414 (see FIGS. 7 and 8). Therefore, the
particle-disposed regions arranged on the first sheet member
91 in a dotted pattern are put in the second concave portions
412 together with the particles. The particles on the particle-
disposed regions are held by suctioning through the first
sheet member 91 and the second suction ports 414.

On the other hand, the second sheet member 92 on which
adhesive is applied is led to the second roller 41 through the
sheet conveying roller 71, and on the second roller-outer
side surface 411 of the second roller 41, the second sheet
member 92 is overlaid on the first sheet member 91 supplied
with the particles. Then, the first sheet member 91 and the
second sheet member 92 overlapped with each other are
sandwiched between the second roller 41 and the fourth
roller 61 where the fourth roller-outer side surface 611 is
heated by the heater 614, so that the first sheet member 91
and the second sheet member 92 are bonded with each other.
The first sheet member 91 and the second sheet member 92
bonded with each other are led to the auxiliary bonding part
62, and are sandwiched between the second auxiliary bond-
ing roller 64 and the first auxiliary bonding roller 63 whose
outer side surface is heated, to be bonded more securely.
Therefore, as shown in FIG. 16, the absorbent sheet 95
having the plurality of particle existence regions 951
arranged in a dotted pattern is formed.

In the absorbent sheet manufacturing apparatus la in
accordance with the second preferred embodiment, particles
are supplied onto the first sheet member 91 while the lower
portion of the cylinder-outer side surface 211 of the supply
cylinder 21 is in contact with the first sheet member 91.
Therefore, particles can be disposed on the first sheet
member 91 in a desired dotted pattern. The second roller 41
is rotated while each second concave portion 412 provided
with the second suction ports 414 faces one particle-dis-
posed region of the first sheet member 91. This makes it
possible to bond the first sheet member 91 and the second
sheet member 92 while particles arranged in a dotted pattern
are held in the plurality of second concave portions 412.
Therefore, the absorbent sheet where particles are arranged
in a desired dotted pattern can be produced easily.

In the absorbent sheet manufacturing apparatus 1 in
accordance with the first preferred embodiment, a supply
cylinder having a structure different from that of the above
supply cylinder 21 may be provided. FIG. 18 is a cross-
sectional view showing another example of supply cylinder.
FIG. 18 shows a cross section which is orthogonal to the
rotation axis R1 of a supply cylinder 21a, and in FIG. 18,
constituents on the near side of the cross section are also
drawn. FIG. 19 is a view showing the cylinder-outer side
surface 211 of the supply cylinder 21qa, and in FIG. 19, an
appearance of the cylinder-outer side surface 211 of the
supply cylinder 21a which is observed along a direction
orthogonal to the rotation axis R1 is shown.
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As shown in FIGS. 18 and 19, the supply cylinder 21a is
a generally cylindrical member around the rotation axis R1,
and has a ring-like side wall 214. The supply cylinder 21a
is rotated around the rotation axis R1 by driving a belt
wound around the cylinder-outer side surface 211 in the
circumferential direction. As shown in FIG. 18, a cylindrical
exhaust part 24 is provided above the supply cylinder 21a as
substitute for the particle filling part 23 in FIG. 1, and an
upper opening of the exhaust part 24 is covered with a
pouched filter 241 formed of nonwoven fabric or the like.
The first cover part 221 and the second cover part 222
similar to those in FIG. 1 are provided around the supply
cylinder 21a. In FIG. 19, the first cover part 221 and the
second cover part 222 are omitted.

As shown in FIGS. 18 and 19, the supply cylinder 21a has
a plurality of through-holes 2125 which are holes passing
through the side wall 214. The plurality of through-holes
212b are arranged at regular intervals in the circumferential
direction around the rotation axis R1 with respect to each of
a plurality of positions in the axial direction. As shown in
FIG. 19, three through-hole rows 213a (i.e., one through-
hole row is the plurality of through-holes 2124 which are
arranged in the circumferential direction at the same position
in the axial direction) are provided in the supply cylinder
21a. In the present embodiment, the shape of each through-
hole 2125 is generally rectangular, however the through-
holes 21256 may have a various shape (for example, gener-
ally circular shape). In the supply cylinder 21a, one, two,
four or more through-hole rows 213a may be provided. In
each through-hole row 213a, the through-holes 2125 are not
necessarily arranged at regular intervals.

As shown in FIG. 18, an isolation part 25 which covers a
portion of an inner side surface 215 of the side wall 214 of
the supply cylinder 21a is provided in the internal space of
the supply cylinder 21a. The isolation part 25 is provided in
the right portion of the internal space in FIG. 18 and covers
the right portion of the inner side surface 215 from the
vicinity of the lowermost portion of the supply cylinder 21a
to the vicinity of the uppermost portion. An outer surface of
the isolation part 25 (i.e., a surface facing the inner side
surface 215 of the supply cylinder 21a) faces the lower end
portion of the first cover part 221, the whole particle supply
region 210 and the whole second cover part 222.

In the supply cylinder 21a, a portion of the internal space
where the isolation part 25 doesn’t exist is a particle storage
space 217 which stores particles of high-absorbent resin. In
FIG. 18, (regions of) the particles are densely hatched. The
lower portion of the inner surface of the isolation part 25
goes downward while approaching the lower portion of the
first cover part 221. Thus, the particles in the particle storage
space 217 move along the inner surface of the isolation part
25 toward the inner side surface 215 of the supply cylinder
21a. The isolation part 25 is provided across almost the
entire width of the inner side surface 215 of the supply
cylinder 21a in the axial direction, so that through-holes
21256 in a region of the inner side surface 215 which is
covered with the isolation part 25 are isolated from the
particle storage space 217. Thus, also in the particle supply
region 210, through-holes 2125 are isolated from the particle
storage space 217.

A particle replenishment part 23 and a level sensor 233 are
provided to the right side of the supply cylinder 21q in FIG.
19. The level sensor 233 is a light-receiving, ultrasonic or
contact sensor. The particle replenishment part 23 is a screw
feeder which has a screw therein, and replenishes particles
into the particle storage space 217 of the supply cylinder 21a
from one end portion (right end portion in FIG. 19) of the
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supply cylinder 21a in the axial direction. When the level
sensor 233 detects that the amount of particles stored in the
particle storage space 217 becomes equal to or less than a
certain level, replenishment of particles into the particle
storage space 217 is performed. When particles are replen-
ished into the particle storage space 217, air in the particle
storage space 217 is exhausted mainly through the exhaust
part 24. Even if particles go out into the exhaust part 24 from
the supply cylinder 21a, the particles are prevented by the
filter 241 from going to the outside.

The replenishment of particles into the particle storage
space 217 isn’t performed necessarily from one end portion
of the supply cylinder 21a in the axial direction. For
example, there may be a case where a particle tank storing
particles of high-absorbent resin is provided above the
supply cylinder 21a as substitute for the above exhaust part
24, and particles in the particle tank fall by gravity into the
particle storage space 217 through the plurality of through-
holes 2125 of the supply cylinder 21a, so that particles are
replenished into the particle storage space 217.

In the absorbent sheet manufacturing apparatus, the sup-
ply cylinder 21a is rotated at a high speed around the
rotation axis R1, so that particles in the particle storage
space 217 are filled into through-holes 2124, which face
particles stored in the particle storage space 217, out of the
plurality of through-holes 2125 in the supply cylinder 21a.
In other words, a rotating mechanism for rotating the supply
cylinder 21a (the above belt and so on) is a particle filling
part for sequentially filling particles into the plurality of
through-holes 2125. Until each through-hole 2125 filled
with particles reaches the particle supply region 210 pro-
vided in the lower portion of the supply cylinder 21a, the
outer end of the through-hole 2125 is closed (blocked) with
the first cover part 221 (that is, the through-hole 2125 is
covered on the cylinder-outer side surface 211). The
through-hole 2124 is moved to a position where the through-
hole 2126 faces the isolation part 25, and therefore the
particles in the through-hole 2125 is isolated (separated)
from particles in the particle storage space 217.

In the particle supply region 210, the lower portion of the
cylinder-outer side surface 211 is in contact with the first
sheet member 91 while the sheet concave portion rows 913
(see FIG. 15) of the first sheet member 91 and through-holes
2125 of the supply cylinder 21a face each other, so that
particles are sequentially supplied from the plurality of
through-holes 2124 into the plurality of sheet concave
portions 912 of the sheet concave portion rows 913. In the
supply cylinder 21a, the plurality of through-holes 2125 are
a plurality of supply concave portions for supplying the
sheet concave portion rows 913 with particles. Each
through-hole 2126 which has supplied particles into the
sheet concave portion 912 passes through the particle supply
region 210, and is moved to the upper portion of the supply
cylinder 21a with the outer end closed with the second cover
part 222.

In the absorbent sheet manufacturing apparatus including
the supply cylinder 21a of FIGS. 18 and 19, in a similar
fashion to the absorbent sheet manufacturing apparatus 1
shown in FIG. 1, the sheet concave portion rows 913 are
formed on the first sheet member 91 by the sheet concave
portion forming part 30 (see FIG. 1). The cylinder-outer side
surface 211 of the supply cylinder 21a is in contact with the
first sheet member 91 while the sheet concave portion rows
913 face the supply concave portions 212. Therefore, par-
ticles can be supplied accurately into each sheet concave
portion 912 included in the sheet concave portion rows 913
and be held in the sheet concave portion 912 while the
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particles are practically prevented from scattering to the
outside of the sheet concave portion 912.

The supply cylinder 21a of FIGS. 18 and 19 may be
provided in the absorbent sheet manufacturing apparatus 1a
(see FIG. 17) in accordance with the second preferred
embodiment. In this case, the lower portion of the cylinder-
outer side surface 211 of the supply cylinder 21a is in
contact with the first sheet member 91 while particles are
supplied onto the first sheet member 91. Therefore, particles
(particle-disposed regions) can be arranged in a desired
dotted pattern easily on the first sheet member 91.

Though the preferred embodiments of the present inven-
tion have been discussed above, the present invention is not
limited to the above-discussed preferred embodiments, but
allows various variations.

In the absorbent sheet manufacturing apparatus 1 in
accordance with the first preferred embodiment, the first
suction ports 314 may be provided only in the plurality of
the first concave portions 31 in the first roller 31. Even in this
case, the sheet concave portion 912 can be deformed so as
to fit along the inner surface of the first concave portion 312,
and the sheet concave portion rows 913 can be maintained.
If the sheet concave portion rows 913 can be easily main-
tained in the plurality of first concave portions 312, suction
by the first suction parts 33 may be omitted. In addition, if
the sheet concave portion rows 913 can be formed by only
the first suction parts 33 suctioning the first sheet member 91
through the first concave portions 312, depression of the first
sheet member 91 by the convex portions 512 of the third
roller 51 may be omitted.

In the second roller 41, the second suction ports 414 may
be provided only in the plurality of second concave portions
412. Even in this case, deformation of each sheet concave
portion 912 on the second roller 41 is prevented, and falling
of particles from the sheet concave portion 912 is prevented.
If falling of particles from the sheet concave portions 912
doesn’t occur in practice, suction from the inside of the
second roller 41 through the second concave portions 412
may be omitted. In the sheet bonding part 40, also the second
roller 41 may be provided with a heater for heating the
second roller-outer side surface 411. There may be a case
where the second roller 41 is provided with a heater, and the
heater 614 is omitted in the fourth roller 61. In the case
where suction through the second concave portions 412 is
performed in the second roller 41, it is preferable that the
fourth roller 61 is provided with the heater 614 in order to
avoid heat loss due to the suction.

In the absorbent sheet manufacturing apparatus la in
accordance with the second preferred embodiment, the sec-
ond roller-outer side surface 411 of the second roller 41 isn’t
necessarily provided with the plurality of second concave
portions 412, and the plurality of second suction ports 414
only have to be provided. In this case, the second roller 41
is rotated while the second suction ports 414 faces the sheet
concave portions 912, and the second suction parts 43 hold
particles supplied on the first sheet member 91 in a dotted
pattern by suctioning the particles from the inside of the
second roller 41 through the second suction ports 414 and
the first sheet member 91. Therefore, arrangement of par-
ticles on the first sheet member 91 can be maintained. As a
result, the absorbent sheet where particles are arranged in a
dotted pattern can be manufactured easily.

In the above absorbent sheet manufacturing apparatus,
particles of absorbent material are supplied such as cross-
linked partially neutralized polyacrylic acid, hydrolyzed
starch-acrylic acid graft polymer, saponified vinyl acetate-
acrylic ester copolymer, hydrolyzed acrylonitrile copolymer,
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crosslinked acrylonitrile copolymer, hydrolyzed acrylamide
copolymer, crosslinked acrylamide copolymer, crosslinked
cationic monomers, or crosslinked polyamino acid.

Structure of the absorbent sheet manufacturing apparatus
may be utilized for a sheet article manufacturing apparatus
for manufacturing a deodorant sheet which is a sheet article
for an absorbent article such as a disposable diaper or
absorbent pad for light incontinence, by supplying particles
of deodorant material such as activated carbon, silica, alu-
mina, zeolite, ion-exchange resin, or molecular sieve onto
the first sheet member 91.

The constituent elements of above-discussed preferred
embodiments and modified examples may be appropriately
combined with one another, as long as they are not mutually
exclusive.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

REFERENCE SIGNS LIST

1,1a Absorbent sheet manufacturing apparatus
21, 21a Supply cylinder

23 Particle filling part

30 Sheet concave portion forming part
31, 31a First roller

33 First suction part

40 Sheet bonding part

41 Second roller

43 Second suction part

51 Third roller

61 Fourth roller

71 Sheet conveying roller

81 Nip roller

91 First sheet member

92 Second sheet member

95 Absorbent sheet

211 Cylinder-outer side surface
212, 212a Supply concave portion
21256 Through-hole

301 Concave portion forming part
311 First roller-outer side surface
312 First concave portion

411 Second roller-outer side surface
412 Second concave portion

414 Second suction port

511 Third roller-outer side surface
512 Convex portion

514 Heater

913 Sheet concave portion row
RO Cylinder rotation axis

R1 to R7 Rotation axis

The invention claimed is:

1. A sheet article manufacturing apparatus for manufac-

turing a sheet article for an absorbent article, comprising:

a sheet concave portion forming part for sequentially
forming sheet concave portions of a sheet concave
portion row on a first sheet member along a conveying
direction of said first sheet member, said first sheet
member being continuous sheet;

a supply cylinder which has a plurality of supply concave
portions arranged on a cylinder-outer side surface in a
circumferential direction, said supply cylinder being
rotated around a cylinder rotation axis along a horizon-
tal direction, a lower portion of said cylinder-outer side



US 9,456,929 B2

19

surface being in contact with said first sheet member so
that each supply concave portion faces a sheet concave
portion, to sequentially supply particles of absorbent
material of deodorant material from said plurality of
supply concave portions to said sheet concave portions
of said sheet concave portion row;

a particle filling part for sequentially filling said plurality
of supply concave portions with said particles; and

a sheet bonding part for placing a second sheet member on
said sheet concave portion row which has been sup-
plied with said particles to bond said second sheet
member on said first sheet member, said second sheet
member being continuous sheet; wherein

said sheet concave portion forming part comprises:

a first roller which has a plurality of first concave portions
arranged on a first roller-outer side surface in a circum-
ferential direction, said first roller being in contact with
said supply cylinder through said first sheet member
and being rotated around a rotation axis parallel to said
cylinder rotation axis so that each first concave portion
faces a supply concave portion, to transfer said first
sheet member from said first roller-outer side surface to
said cylinder-outer side surface; and

a concave portion forming part for sequentially forming
said sheet concave portions by causing portions of said
first sheet member to be recessed into first concave
portions;

said sheet bonding part comprises:

a second roller which has a plurality of second concave
portions arranged on a second roller-outer side surface
in a circumferential direction, said second roller being
in contact with said supply cylinder through said first
sheet member where said particles has been supplied in
said sheet concave portion row and being rotated
around a rotation axis parallel to said cylinder rotation
axis so that each second concave portion faces a supply
concave portion, to transfer said first sheet member
from said cylinder-outer side surface to said second
roller-outer side surface, each sheet concave portion
which holds particles being disposed in a second con-
cave portion; and

a second sheet supplying part for supplying said second
sheet member onto said first sheet member positioned
on said second roller-outer side surface.

2. The sheet article manufacturing apparatus according to
claim 1, wherein said concave portion forming part com-
prises a suction part for suctioning said first sheet member
from the inside of said first roller through said plurality of
first concave portions.

3. The sheet article manufacturing apparatus according to
claim 1, wherein

said concave portion forming part comprises a third roller
which has a plurality of convex portions arranged on a
third roller-outer side surface in a circumferential direc-
tion, said third roller being rotated around a rotation
axis parallel to said cylinder rotation axis so that each
convex portion faces a first concave portion, to depress
a portion of said first sheet member toward said first
concave portion by said each convex portion.

4. The sheet article manufacturing apparatus according to

claim 3, wherein

said third roller comprises a convex portion heating part
for heating said plurality of convex portions.

5. The sheet article manufacturing apparatus according to

claim 3, wherein

said concave portion forming part further comprises two
nip rollers for pressing said first sheet member toward
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said first roller at both sides of a contact position
between said first roller and said third roller in a
conveying direction.

6. The sheet article manufacturing apparatus according to

claim 1, wherein

said sheet bonding part further comprises a fourth roller
which is rotated around a rotation axis parallel to said
cylinder rotation axis, for bonding said first sheet
member and said second sheet member with each other
by placing said first sheet member and said second
sheet member between said fourth roller and said
second roller.

7. The sheet article manufacturing apparatus according to

claim 1, wherein

said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.

8. A sheet article manufacturing apparatus for manufac-

turing a sheet article for an absorbent article, comprising:

a supply cylinder which has a plurality of supply concave
portions arranged on a cylinder-outer side surface in a
circumferential direction, said supply cylinder being
rotated around a cylinder rotation axis along a horizon-
tal direction, a lower portion of said cylinder-outer side
surface being in contact with a first sheet member to
sequentially supply particles of absorbent material or
deodorant material from said plurality of supply con-
cave portions onto said first sheet member;

a particle filling part for sequentially filling said plurality
of supply concave portions with said particles; and

a sheet bonding part for placing a second sheet member on
particles of absorbent material or deodorant material
which has been supplied on said first sheet member by
said supply cylinder to bond said second sheet member
on said first sheet member, said second sheet member
being continuous sheet; wherein

said sheet bonding part comprises:

a roller which has a plurality of suction ports arranged on
a roller-outer side surface in a circumferential direction
and a plurality of concave portions arranged on said
roller-outer side surface in said circumferential direc-
tion, said plurality of suction ports being formed in said
plurality of concave portions, said roller being in con-
tact with said supply cylinder through said first sheet
member which has been supplied with said particles
and being rotated around a rotation axis parallel to said
cylinder rotation axis so that each concave portion
faces a supply concave portion, to transfer said first
sheet member from said cylinder-outer side surface to
said roller-outer side surface;

a suction part for holding said particles by suctioning said
particles from the inside of said roller through said
suction ports and said first sheet member so that each
region of said first sheet member on which particles are
disposed is put in a concave portion together with said
particles; and

a second sheet supplying part for supplying said second
sheet member onto said first sheet member positioned
on said roller-outer side surface.

9. The sheet article manufacturing apparatus according to

claim 2, wherein

said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.
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10. The sheet article manufacturing apparatus according
to claim 3, wherein
said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.
11. The sheet article manufacturing apparatus according
to claim 4, wherein
said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.
12. The sheet article manufacturing apparatus according
to claim 5, wherein
said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.
13. The sheet article manufacturing apparatus according
to claim 6, wherein
said sheet bonding part further comprises a suction part
for suctioning said first sheet member from the inside
of said second roller through said plurality of second
concave portions.
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